The retina is a thin slab of central nervous tissue that forms the innermost lining of the vertebrate eye. In cross section it consists of interleaved somatic and synaptic laminae (Fig. 1A) , which in the tangential plane are organized into overlapping mosaics of functionally related somata and processes ~. [This organization is disrupted upon damage of the inner layers (Fig. 1B ) (see below).] At the level of the photoreceptor outer segments, the retina is tightly apposed to a monolayer of melanin-containing cuboidal epithelial cells, called the retinal pigmented epithelium (RPE), which supports many of the physiological requirements of the retina, such as nutrient exchange and phagocytosis of shed photoreceptor discs. In some animals this complex piece of central nervous tissue can regenerate. Selected studies of retinal regeneration by cellular transdifferentiation of the RPE and by proliferation of photoreceptor progenitors are briefly reviewed below.
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Retinal regeneration by transdifferentiation of the RPE
Transdifferentiation (also known as metaplasia) is the cellular process whereby a differentiated cell reverts to an undifferentiated state and proliferates to give rise to cells of a new phenotype. A well-known example of this type of cellular re-programming is limb regeneration in urodele amphibians (newts and salamanders) 2. The study of metaplastic retinal regeneration can be traced to Grifflni and Marchio 3, who in 1889 reported that cutting the optic nerve in an adult urodele (Triturus sp.) caused degeneration of the existing retina and regeneration of a new one. Subsequent studies (reviewed in Refs 4, 5) have confirmed and extended this report, while others have demonstrated that tadpoles (Rana catesbienna) 6 and, under certain experimental conditions, chicken (Gallus domesticus) embryos 7-9 can regenerate their retinas by a similar process.
In these studies, regeneration was induced by one of two quite different manipulations: surgical removal of the retina (retinectomy) through an incision in the globe, or ischemia-induced retinal degeneration. To induce ischemia, the ophthalmic artery was cut intraorbitally (usually by enucleating and reimplanting the eye), which leaves the retina temporarily unperfused and results in its degeneration over the next several days. Despite the very different intraocular environments created by these two manipulations, in both cases the retina regenerates.
The cellular source of the new retina in these animals has been disputed and extensively debated in the literature. However, it is now widely accepted that the regenerated retina is derived from transdifferentiated cells of the RPE. The morphological changes in the RPE cells during regeneration have been thoroughly described 6'1°'11, and are illustrated in Fig. 2 . A few days after either retinectomy or ischernic degeneration, a subset of the RPE cells lose their cuboidal shape, detach from the underlying basement (Bruch's) membrane, disgorge their pigment granules, and proliferate to form a layer of pseudostratified cells, typical of a germinative neuroepithelium. (When the retina is destroyed by ischemia, other RPE cells appear to phagocytose the retinal debris and leave the eye6'1°.) Proliferation continues for several days within both the neuroepithelium and the RPE until they form a vitread layer of neuroepithelial cells and a sclerad monolayer of pigmented cells, similar to those layers seen in the embryonic eye. New retinal ceils then differentiate from the neuroepithelium in an orderly sequence that recapitulates their normal development 12. If, instead of complete retinectomy, a small patch of retina is removed, the RPE cells respond similarly at the site of the lesion only, and the missing piece of retina is regenerated 1°.
Although retinal regeneration has been studied for over a century, only recently have studies begun to reveal the putative cellular factors involved. Using an antibody that recognizes amphibian retinal neuroepithelial cells, Reh and Nagy 6 found that the migrating RPE cells lose their pigment and assume a neuroepithelial phenotype only when in proximity to the retinal vascular layer. In a separate study 13, they showed that the basal lamina associated with the retinal vascular layer contains a large amount of laminin, and that dissociated RPE cells placed onto a laminin-coated substrate in vitro extrude their pigment, extend neurite-like processes, and express neuron-specific proteins.
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